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[57] ABSTRACT 

A method and apparatus for controlling access to a shared 
memory in a network system is described. The apparatus 
includes at least one fast port interface circuit, each com 
prising a fast input port interface con?gured to sequentially 
receive data, address, and command information from a 
network client at a ?rst data rate in segments of a ?rst width. 
Each fast input port interface comprises a fast interface 
register con?gured to temporarily store the data and address 
information. Each fast input port interface further comprises 
a command decode circuit con?gured to receive the com 
mand information and, in response, sequentially store the 
segments of data and address information in the fast inter 
face register until the fast interface register is full, the fast 
interface register further con?gured to be read out in parallel 
to the shared memory. The apparatus also includes at least 
one slow port interface circuit, each con?gured to receive 
data, address, and command information from a network 
client at a second data rate in segments of the ?rst width and 
transmit the data, address, and command information to a 
storage circuit that is shared among the slow port interface 
circuits. The shared storage circuit comprises a plurality of 
slow interface registers, wherein the segments of data are 
sequentially stored in one of the slow interface registers at 
the same time the contents of another slow interface register 
are read out in parallel to the shared memory. 

22 Claims, 8 Drawing Sheets 
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METHOD AND APPARATUS IN A PACKET 
ROUTING SWITCH FOR CONTROLLING 

ACCESS AT DIFFERENT DATA RATES TO A 
SHARED MEMORY 

FIELD OF THE INVENTION 

The invention is in the ?eld of packet routing switches in 
networked computing environments. 

BACKGROUND OF THE INVENTION 

Computer networks allow multiple processors to commu 
nicate with each other. Acomputer network may link various 
types of computers and memory devices. Data is typically 
transferred between components on a network in packets. 
Packets are usually groups of data words each of a certain 
length. As networks become larger and more complex, it 
becomes increasingly important to be able to route and store 
packets ef?ciently. Packets are often temporarily stored 
during the process of routing from one network component 
to another network component. This is partially due to the 
random nature of the input and output port traf?c 
distribution, as well as rate adaptation between ports that 
transfer data at different rates. Thus, packet storage, or 
buffering, is an integral part of the switching function. 
Buffering may occur in a memory that is part of a switch 
circuit (on the same die as the switch circuit) or on a memory 
that is separate from the switch circuit. A buffer memory 
may be associated with one port or shared between several 
ports. 
When data packets are stored during routing it is impor 

tant to provide fast and ef?cient access to the storage device, 
or memory, so that memory access does not become a source 

of delay and, therefore, of network performance degrada 
tion. 

Network switches are devices that handle routing and 
storage of packets between network components. Network 
switches include input ports and output ports for connection 
to multiple network components transmitting data to and 
receiving data from the switch. The network components 
using the switch are known as clients of the switch. Asingle 
switch may use a single memory device to store data from 
multiple clients that transmit data at different rates. It is 
important for a network switch to handle memory access by 
multiple clients of different data rate capabilities in such a 
way as to maximiZe memory bandwidth. The need to 
maximiZe memory bandwidth, however, must compete with 
other concerns when a network switch architecture is 
designed. For example, providing a wider data path from 
clients to the buffer memory would improve memory 
bandwidth, but only at the cost of extra hardware and 
additional interconnect. Trade-offs, therefore, must be made 
in designing a switch architecture so that it functions both 
ef?ciently and economically. 

SUMMARY OF THE INVENTION 

Amethod and apparatus for controlling access to a shared 
memory in a network system is described. The apparatus 
includes at least one fast port interface circuit, each com 
prising a fast input port interface con?gured to sequentially 
receive data, address, and command information from a 
network client at a ?rst data rate in segments of a ?rst width. 
Each fast input port interface comprises a fast interface 
register con?gured to temporarily store the data and address 
information. Each fast input port interface further comprises 
a command decode circuit con?gured to receive the com 

10 

15 

25 

35 

45 

55 

65 

2 
mand information and, in response, sequentially store the 
segments of data and address information in the fast inter 
face register until the fast interface register is full, the fast 
interface register further con?gured to be read out in parallel 
to the shared memory. The apparatus also includes at least 
one slow port interface circuit, each con?gured to receive 
data, address, and command information from a network 
client at a second data rate in segments of the ?rst width and 
transmit the data, address, and command information to a 
storage circuit that is shared among the slow port interface 
circuits. The shared storage circuit comprises a plurality of 
slow interface registers, wherein the segments of data are 
sequentially stored in one of the slow interface registers at 
the same time the contents of another slow interface register 
are read out in parallel to the shared memory. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a network switch element 
including a memory controller according to one embodiment 
of the present invention. 

FIG. 2 is a block diagram of a shared buffer memory 
controller (BMC) according to one embodiment of the 
present invention. 

FIG. 3 is a block diagram of a fast/con?gurable port 
interface according to one embodiment of the present inven 
tion. 

FIG. 4 is a block diagram of a slow port interface 
according to one embodiment of the present invention. 

FIG. 5 is a block diagram of a write portion of a ?rst level 
arbiter according to one embodiment of the present inven 
tion. 

FIG. 6 is a block diagram of a read portion of a ?rst level 
arbiter according to one embodiment of the present inven 
tion. 

FIG. 7 is a block diagram of a second level arbiter/ 
scheduler according to one embodiment of the present 
invention. 

FIG. 8 is a diagram of multilevel arbitration according to 
one embodiment of the invention. 

DETAILED DESCRIPTION 

A memory controller that allows access to a shared buffer 
memory by network clients is described. In one 
embodiment, a buffer memory controller (BMC) resides on 
a switch element die and maximiZes bandwidth of a shared 
memory device, in part by providing separate interfaces for 
ports that transmit data at different data rates. Memory 
bandwidth is further optimiZed through pipelining of data 
handling within the buffer memory controller, and by ef? 
cient scheduling of read and write operations to the shared 
buffer memory. 

FIG. 1 is a simpli?ed block diagram illustrating an 
architecture of a switch element according to one embodi 
ment of the present invention. Switch element 100 includes 
a central processing unit (CPU) interface 102, a network 
interface 106, a cascading interface 108, and a shared 
memory manager 110. Shared memory manager 110 
includes shared buffer memory controller (BMC) 112. 

Packets may enter or leave switch element 100 through 
any one of the three interfaces 106, 102, or 108. In brief, the 
network interface 106 operates, according to this 
embodiment, in accordance with the Ethernet protocol to 
receive Ethernet packets from a network (not shown) and to 
transmit Ethernet packets onto the network via one or more 
external ports (not shown). An optional cascading interface 
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108 may include one or more internal links (not shown) for 
interconnecting switching elements to create larger 
switches. 

The CPU may transmit commands or packets to the 
switch element 100 via the CPU interface 102. In this 
manner, one or more software processes running on the CPU 
may manage entries in an external forwarding and ?ltering 
database (not shown), such as adding new entries and 
invalidating unwanted entries. In alternative embodiments, 
however, the CPU may be provided with direct access to a 
forwarding and ?ltering database. In any event, for purposes 
of packet forwarding, the CPU port of the CPU interface 102 
resembles a generic input port into the switch element 100 
and may be treated as if it were simply another external 
network interface port. 

The network interface 106, the CPU interface 102, and the 
cascading interface 108 are coupled to the shared memory 
manager 110. The shared memory manager 110 provides an 
ef?cient centraliZed interface to the external shared memory 
for buffering of incoming packets. 

In the present embodiment, packets are centrally buffered 
and managed by the shared memory manager 110. Shared 
memory manager 110 interfaces every input port and output 
port and performs dynamic memory allocation and 
deallocation, respectively, on their behalf. During input 
packet processing, one or more buffers are allocated in the 
external shared memory and an incoming packet is stored by 
the shared memory manager 110 responsive, for example, to 
commands received from the network interface 106. 
Subsequently, during output packet processing, the shared 
memory manager 110 retrieves the packet from the external 
shared memory and deallocates buffers that are no longer in 
use. To assure that no buffers are released until all output 
ports have completed transmission of the data stored therein, 
the shared memory manager 110 preferably also tracks 
buffer ownership. 

The present invention may be included in a switch ele 
ment such as switch element 100 which provides wire speed 
routing and forwarding of Fast Ethernet and Gigabit Ether 
net packets. However, it is contemplated that the interfaces 
may be con?gured to conform with other network protocols 
as well. Also, it is appreciated that functions may be parti 
tioned differently than as described above. For example, 
multiple units may perform the dynamic allocation, 
deallocation, and tracking that is associated with shared 
memory manager 110 in the embodiment depicted. Further, 
while the switch element is preferably highly integrated and 
comprises a single application speci?c integrated circuit 
(ASIC) that implements performance-critical functions in 
hardware, alternative embodiments may include a chip set 
comprising two or more ASICs, or other types of logic 
devices or subsystems. Finally, it is appreciated that the 
partitioning of functionality between hardware and software 
may be modi?ed as well. 

FIG. 2 is a block diagram of buffer memory controller 
(BMC) 112 according to one embodiment. In the present 
embodiment, BMC 112 controls access to a shared SRAM 
memory (not shown) for a variety of ports in a network 
computer system. BMC 112 controls access to a shared 
memory for slow ports 202 which operate at a relatively 
slow data rate as compared to other ports, herein referred to 
as fast ports, in the network. Host devices also access the 
shared memory through host port 204 of BMC 112, usually 
over a local bus such as a peripheral component interface 
(PCI) bus. Fast ports 222 also access the shared memory 
through BMC 112. Fast ports 222 operate at a relatively fast 
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4 
data rate as compared to slow ports 202. Con?gurable ports 
220 access the shared memory through BMC 112. Con?g 
urable ports 220 are ports which can be con?gured to operate 
at the data rate of slow ports 202 or at the data rate of fast 
ports 222. According to one embodiment of the present 
invention, slow ports 202 operate in compliance with Eth 
ernet protocol or Fast Ethernet protocol. Host port 204, in 
one embodiment, complies with the PCI bus protocol. 
According to this embodiment, fast ports 222 operate in 
compliance with a gigabit Ethernet protocol. The Fast Eth 
ernet rate of slow ports 202 100 Mbps. In one embodiment, 
bandwidth of 100 Mbps is allocated for host port 204. The 
data rate of gigabit fast ports 222 is ten times the data rate 
of Fast Ethernet slow ports 202 and host port 204. In one 
embodiment of the present invention, BMC 112 is connected 
to three fast (gigabit) ports, ?ve programmable ports, eleven 
slow (Fast Ethernet) ports, and one host port. 
BMC 112 includes slow port interfaces 206 and fast/ 

con?gurable port interfaces 208. As will be explained in 
more detail below, BMC 112 handles transactions between 
ports operating at different data rates (in this embodiment, 
gigabit ports and Fast Ethernet ports) differently so as to 
maximiZe the bandwidth of the shared memory device. One 
aspect of this bandwidth maximiZation is two level arbitra 
tion as shown in FIG. 2. Speci?cally, slow port interfaces 
206 can access the shared memory only after an access 
request passes through ?rst level arbiter 210 and second 
level arbiter/scheduler 214. Port interfaces that are capable 
of operating at the gigabit rate, such as fast/con?gurable port 
interfaces 208, access the shared memory device through 
second level arbiter/scheduler 214. Second level arbiter/ 
scheduler 214 arbitrates among requests for access to the 
shared memory and passes control signals to SRAM con 
troller 216. When an interface port is granted access to a 
shared memory, second level arbiter/scheduler 214 transmits 
SRAM addresses, write data (WDATA), and write tag 
(WTAG) information for storage in the shared memory 
device. Read pipe 218 facilitates reads from the shared 
memory device by temporarily storing a port identi?cation 
that allows the proper port to receive read data (rdidata) and 
read tag (rditag) information from the shared memory 
device. 

FIG. 3 is a block diagram showing one fast port 222 
connected to one fast/con?gurable port interface 208. Fast/ 
con?gurable port interface 208 is in turn coupled to read 
pipe 218 and second level arbiter/scheduler 214. The fast 
port shown includes fast output port 222a and fast input port 
222b. As shown, output port 222a is coupled to output 
interface circuitry 342, and fast input port 222b is coupled 
to fast input interface circuitry 344. Fast input port 222b and 
fast output port 222a communicate with fast/con?gurable 
port interface 208 of BMC 112 via their own command, 
address, and data busses. Fast input interface circuitry 344 
performs only write operations to the shared memory, and 
output interface circuitry 342 performs only read operations 
to the shared memory. 
When a network client connected to fast input port 222b 

requests a write operation to the shared memory, fast input 
port 222b transfers data, address, and tag information in 
16-bit segments across data lines to register 330 as shown. 
In this embodiment three command bits are also sent to 
register 328. Registers 328 and 330 are included in fast input 
interface circuitry 344 for synchroniZation purposes. In this 
embodiment data is written to and stored in the shared 
memory in 128-bit words. Through the use of command bits, 
according to the present invention, a much narrower physi 
cal interface between clients and the shared memory, in this 
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embodiment, 16-bit instead of 128-bit, is achieved. This 
allows for much less connection hardware While preserving 
ef?cient memory access. Three command bits direct 16-bit 
segments of data entering fast input interface circuitry 344 
to data holding register 334, address holding register 338 
and tag holding register 340. Three command bits are 
encoded in fast input port 222b and decoded and command 
decoder ?nite state machine (fsm) 332. According to one 
embodiment, the command bits can be decoded to indicate 
no operation, Write ?rst address, Write second address, Write 
?rst data, Wridata, Write last Word of a packet, or Write 
status. According to this embodiment, fast input port 222b 
sends tWo Wriaddr commands to BMC 112 to form a 19-bit 
address. Fast input port 222b then sends a Write ?rst data 
command to send the ?rst 16-bit data segment on the data 
bus to fast input interface circuitry 344. This data is stored 
in data holding register 334 Which is a 16-byte register. Fast 
input port 222b continues to send seven additional data 
Wricmd signals until holding register 334 is ?lled. A 
Wrireq is then generated and sent to second level arbiter/ 
scheduler 214. At the same time, a Write Wait (WI‘iWaII) 
signal is sent to fast interface port 222b indicating that the 
holding register is busy and cannot take any more data. The 
WI‘iWaII signal is generated by unload fsm 336 from a “full” 
signal received from command decoder fsm 332 and a Write 
grant (Wr?gnt) signal from second level arbiter 214. 

Second level arbiter/scheduler 214, in this embodiment, 
uses a round robin arbitration scheme to grant access to fast 
input port 222b. Second level arbiter/scheduler 214 also 
schedules the address, data and tag to be Written into the 
shared memory device. Address and data are then Written 
into the memory in the folloWing clock cycle. In the pre 
ferred embodiment, SRAM technology is used. Since the 
SRAM technology used is fully pipelined, arbiter/scheduler 
214 can schedule back-to-back Write operations. When the 
end of a packet of data is reached, fast input port 222b sends 
a Write status command to fast input interface circuitry 344 
along With the status information. The last data and status to 
be Written into the packet memory is then scheduled by fast 
input interface circuitry 344. 

Output interface circuitry 342 controls access to the 
memory by fast output port 222a for read operations from 
the shared memory. When a netWork client connected to fast 
output port 222a requires a read access to the shared 
memory, fast output port 222a formulates command and 
address bits to be sent to registers 302 and 304 respectively. 
Registers 302 and 304 are used for the purpose of synchro 
niZation. Three command bits enter command decoder fsm 
306 and are decoded. Depending upon the decoded signi? 
cance of the command bits, 16-bit address segments entering 
output port interface circuitry 342 are loaded into registers 
310 or 312. One of registers 310 or 312 holds a current 
address and the other of the tWo registers holds an address 
of a neXt packet. The register holding the current address is 
incremented for each address of the current packet being 
Written to the memory. The ?rst address of the neXt packet 
is held available in the other register so that no latency is 
incurred during the period betWeen Writing the last Word of 
the current packet and the ?rst Word of the neXt packet. 
MultipleXor 314 selects the current 19-bit address stored in 
the appropriate register 310 or 312 to be sent to second level 
arbiter/scheduler 214 as the neXt read address (rdiaddr). 
Command decoder fsm 306 sends a current full (cfull) or 
neXt full (nfull) signal, as appropriate, to load fsm 308 When 
the current address or neXt address ?lls registers 310 or 312. 
Logic 324 receives a rditag from the memory via register 
326 of read pipe 218 Which holds the rditag for synchro 
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6 
niZation purposes. Logic 324 uses the rditag to generate an 
end of packet (eop) signal to load fsm 308. Load fsm 308 
generates a read request (rdireq) signal to second level 
arbiter/scheduler 214. When arbitration for access to the 
shared memory is complete, second level arbiter/scheduler 
214 sends a read grant (rd agnt) to load fsm 308. Unload fsm 
322 coordinates the unloading of data the shared memory 
through read pipe 218 to fast output port 222a. Read data 
from the memory is transferred in 128-bit Words to one of 
registers 318 or 320 in parallel. One of registers 318 or 320, 
after being loaded in parallel from the memory, is unloaded 
in 16-bit segments through multipleXor 316. As directed by 
information from unload fsm 322 and the rditag, output 
interface circuitry 342 ef?ciently handles double buffering 
of the data from read pipe 218 so that the shared memory 
bandWidth can be optimiZed, and at the same time a narroW 

data interface (16-bits) to fast output port 222a is main 
tained. Unload fsm 332 also generates commands and 
rdiWait signals to fast output port 222a. The rdiWait signal 
functions as a How control signal informing fast output port 
222a that it must Wait to send further rdireqs until the 
rdiWait signal is deasserted. 

FIG. 4 is a block diagram of sloW port interface 206. FIG. 
4 shoWs the connection of sloW port interface 206 to one of 
sloW ports 202. Each sloW port 202 has a sloW output port 
202a and a sloW input port 202b, as shoWn. SloW port 
interface 206 also communicates With read pipe 218, and 
?rst level arbiter 210. According to the present invention, 
ef?cient access to a shared memory is granted to netWork 
clients operating at different data rates, in part because data 
being Written to the shared memory from sloW clients 
through a sloW input port shares physical resources While 
Wridata through fast input ports does not share physical 
resources. In the embodiment described, this arrangement 
represents a design choice that takes advantage of the fact 
that the sloWer data can be handled just as efficiently With 
less dedicated hardWare resources. As shoWn in FIG. 4, sloW 
port interface 206 contains no buffering or control circuitry 
for Wridata coming through sloW input port 202b. That is 
to say, sloW port interface 206 does not possess circuitry 
analogous to fast input interface circuitry 344 of FIG. 3. 
Instead, sloW client input port rdireq command and data 
signals are sent directly to ?rst level arbiter 210, and Wr?gnt 
signals are sent directly from ?rst level arbiter 210 to sloW 
input port 202b. 

Output interface circuitry 442 operates eXactly as 
described With respect to output interface circuitry 342 With 
one exception. Output interface circuitry 442 of sloW port 
interface 206 must gain access to shared memory through 
tWo levels of arbitration rather than one. Speci?cally, rdireq 
and rdiaddr signals are sent to ?rst level arbiter 210. 
Rd ?gnt signals are received from second level arbiter/ 
scheduler 214 When arbitration is complete. 

FIG. 5 is a diagram shoWing details of the portion of ?rst 
level arbiter 210 that processes Write operations to the 
shared memory. First level Write arbiter 210a includes 
arbitration circuit 510, and command and data multipleXors 
512 and 514, respectively. Arbitration circuit 510 receives, 
in this embodiment, Wrireqs from eleven ports operating at 
100 Mbps. In this embodiment, arbitration circuit 510 also 
receives Wrireqs from one host port operating at the data 
rate of the 100 Mbps ports. In other embodiments, different 
numbers of various types of ports, operating at different data 
rates, and in compliance With different protocols than in the 
embodiments described, are serviced by arbitration circuit 
510. Arbitration circuit 510 uses a round robin arbitration 
scheme to choose a particular port to Which access Will be 
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next granted. Grant signals 504 are individual Wr?gnt 
signals that are sent from second level arbiter/scheduler 214 
through ?rst level Write arbiter 210a to individual requesting 
ports. Command lines 506 each originate in one sloW input 
port and transfer command information in three bit segments 
to multiplexor 512. When arbitration is complete, a select 
signal from arbitration circuit 510 causes command infor 
mation from one of the requesting sloW ports to be trans 
ferred to load state machine 516. Data lines 508 each 
originate in one sloW input port. Data lines 508 each transfer 
data information in 16-bit segments to multiplexor 514. 
When arbitration is complete, the command information 
from one of the ports is transferred from multiplexor 514 by 
a select signal from arbitration circuit 510. Data in 16-bit 
segments is transferred from mux 514 to one of Wridata 
registers 520 or 522, or to registers 526 and 528 as directed 
by command bits decoded in load state machine 516. Reg 
isters 520 and 522 are used to assemble Write data (fCiWI‘i 
data) in 128-bit Words. Registers 528 are used to assemble 
a 16-bit Write tag (feiWritag). Registers 526 are used to 
assemble a 19-bit Write address (feiWriaddr). Under the 
control of unload state machine 518, multiplexor 524 trans 
mits a 128-bit data Word from one of registers 520 or 522 to 
be Written to the shared memory. Unload state machine 518 
transmits a Write request (feiWrireq) to the second level 
arbiter/scheduler 214 and receives a Write grant (fCiWI‘i 
gnt) signal from second level arbiter/scheduler 214. 

FIG. 6 is a block diagram of a read arbiter portion 210b 
of ?rst level arbiter 210. First level read arbiter 210b 
includes arbitration circuit 608 and multiplexor 610. Read 
request (rdireq) lines 602 carry request signals from eleven 
sloW (in this embodiment, Fast Ethernet) output ports and 
one host output port. Read grant (rd ?gnt) lines 604 carry 
rd ?gnt signals from arbitration circuit 608 to individual 
ports requesting a read operation. Read address (rdiaddr) 
lines 606 carry read addresses of 19 bits from requesting 
ports. One 19-bit read address (feirdiaddr) is transferred to 
second level arbiter/scheduler 214 by a select signal from 
arbitration circuit 608 to multiplexor 610. Arbitration circuit 
608 transfers a single read request (feirdireq) from one of 
the requesting ports upon completing round robin arbitra 
tion. Arbitration circuit 608 receives a read grant (feirdi 
gnt) signal from second level arbiter/scheduler 214. 

FIG. 7 is a block diagram of second level arbiter/ 
scheduler 214. FIG. 7 also shoWs SRAM controller 216 
coupled to second level arbiter/scheduler 214. Second level 
arbiter/scheduler 214 includes arbitration circuit 702 and 
multiplexors 704, 706, 708 and 710 for receiving Wriaddrs, 
rdiaddrs, Wridata, and Wr-tags, respectively. Request lines 
728 transmit rd-reqs and Wrireqs to arbitration circuit 702. 
Eight Wrireq signals are sent to arbitration circuit 702. In 
this embodiment, the eight Wrireq signals represent 
requests from eight fast (gigabit Ethernet) ports or three 
gigabit ports and ?ve con?gurable ports con?gured as 
gigabit ports. One feiWrireq signal enters arbitration cir 
cuit 702 from ?rst level arbiter 210. Arbitration circuit 702 
also receives eight read requests (rdireq) signals corre 
sponding to the eight Wrireq signals previously described. 
Finally arbitration circuit 702 receives one feirdireq from 
?rst level arbiter 210. Arbitration circuit 702 performs, in 
this embodiment, round robin arbitration and issues an 
feirdignt signal, an rd ?gnt signal, an feiWr?gnt signal, 
and a Wrggnt signal as appropriate. Arbitration circuit 702 
further transmits a Write command (Wricmd) signal and a 
read command (rdicmd) signal to SRAM controller 216 as 
appropriate. When arbitration is complete, arbitration circuit 
702 transmits a Write select (Wrisel) or read select (rdisel) 
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signal, as required by the current operation, to multiplexors 
704, 706, 708, and 710 as shoWn. Wriaddr lines 730 
transmit Wriaddr signals and one feiWriaddr signal to 
multiplexor 704. 
As explained With respect to request signals 728, in the 

embodiments shoWn Wriaddr signals from eight gigabit 
ports (transmitted directly) and one feiariaddr signal from 
?rst level arbiter 210 are received by multiplexor 704. 
Similarly, rdiaddr and feirdiaddr signals are sent to 
multiplexor 706 on rdiaddr lines 732. Wridata signals and 
feiWridata signals are sent to multiplexor 708 on Wriaddr 
lines 734. Writag signals and one feiWritag signal are 
sent to multiplexor 710 on Writag lines 736. When arbi 
tration is complete, multiplexor 712 selects one of a 19-bit 
Wriaddr or a 19-bit rdiaddr to transmit to register 714 and 
SRAM controller 216. In addition, When arbitration is 
complete, Wridata on one of lines 734 is transmitted 
through synchroniZation registers 716, 718 and 722 to the 
shared memory. 16-bits of Writag information are selected 
from one of lines 736 to be transmitted as SRAM tag 
information through synchroniZation registers 722, 724 and, 
726. 

In the preferred embodiment, a fully pipelined SRAM that 
supports Zero bus turn around is used as shared memory. 
Therefore, no latency Will occur When a read cycle folloWs 
a Write cycle. This alloWs second level arbiter/scheduler 214 
to schedule requests in any sequence. In one embodiment, 
second level arbiter/scheduler 214 schedules read requests 
together folloWed by Write requests. In this embodiment, if 
a memory device is used that suffers performance degrada 
tion in alternating betWeen read and Write transactions, that 
degradation is minimiZed. 

FIG. 8 is a simpli?ed diagram of tWo level arbitration for 
access to the shared memory according to one embodiment. 
In this embodiment, read requests and Write requests are 
supported from the folloWing ports: three fast ports 222; ?ve 
con?gurable ports 220; eleven sloW ports 202 and one host 
port 204. As shoWn in FIG. 8, ?rst level arbiter 210 and 
second level arbiter/scheduler 214 handle read requests and 
Write requests from fast and sloW ports, in this ?gure labeled 
as gigabit Ethernet (GE), and Fast Ethernet FE read 
(FErd) request signals 806 and host read process (HRP) 
request signal 808 are arbitrated in a round robin fashion by 
?rst level read arbiter 210b. As a result of that arbitration, a 
single FErd request is fed to second level arbiter/scheduler 
214. Second level arbiter/scheduler 214 arbitrates betWeen 
the results of the arbitration performed by ?rst level arbiter 
210b, three GE read (GErd) requests 802, and ?ve con?g 
urable GE/FE read (GE/FErd) requests 804. TWo level 
arbitration for Write requests is handled in a similar fashion. 
As shoWn, ?rst level Write arbiter 210a arbitrates betWeen 
FE Write (FEWr) requests 814 and a host transmit process 
(HTP) request 816. Second level arbiter/scheduler 214 arbi 
trates betWeen the results of the arbitration performed by 
?rst level arbiter 210a and GE Write (GEWr) requests 810 
and GE/FE Write (GE/FEWr) requests 812. In this Way 
memory bandWidth is optimiZed and resources are con 
served. 

In the embodiment shoWn in FIG. 8, requests to access the 
shared memory are scheduled in order as shoWn from left to 
right, With read requests ?rst in time folloWed by Write 
requests. This arrangement minimiZes Wait states for memo 
ries that incur Wait states When alternating betWeen read and 
Write accesses. Other embodiments arrange the order of 
reads and Writes in other Ways and still bene?t from the 
increased efficiency of the tWo level arbitration scheme. 
The present invention has been described in terms of 

speci?c exemplary embodiments. Various modi?cations and 
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alterations, however, might be made by those skilled in the 
art Without departing from the spirit and scope of the 
invention as set forth in the following claims. For instance, 
the present invention is not limited to use With tWo types of 
ports that access a shared memory at different data rates, or 
to tWo different data rates, or to the data rates of the 
described embodiments. The present invention is not limited 
to use With an Ethernet netWork protocol. The present 
invention should therefore be de?ned by the folloWing 
claims. 
What is claimed is: 
1. An apparatus for controlling access to a shared memory 

in a netWork system, comprising: 
at least one fast port interface circuit, each comprising a 

fast input port interface con?gured to sequentially 
receive data, address, and command information from 
a netWork client at a ?rst data rate in segments of a ?rst 
Width, each fast input port interface comprising: 
a fast interface register con?gured to temporarily store 

the data and address information; and 
a command decode circuit con?gured to receive the 
command information and, in response, sequentially 
store the segments of data and address information in 
the fast interface register until the fast interface 
register is full, the fast interface register further 
con?gured to be read out in parallel to the shared 
memory; and 

at least one sloW port interface circuit, each con?gured to 
receive data, address, and command information from 
a netWork client at a second data rate in segments of the 
?rst Width and transmit the data, address, and command 
information to a storage circuit that is shared among the 
sloW port interface circuits, the shared storage circuit 
comprising a plurality of sloW interface registers, 
Wherein the segments of data are sequentially stored in 
one of the sloW interface registers at the same time the 
contents of another sloW interface register are read out 
in parallel to the shared memory. 

2. The apparatus of claim 1, Wherein the sloW port 
interface circuit further comprises an output port interface 
including a plurality of output interface registers, Wherein 
one of the output interface registers is con?gured to receive 
data in parallel from the shared memory at the same time as 
the contents of another one of the output interface registers 
are output to an output port in sequential segments of the 
?rst Width. 

3. The apparatus of claim 2, Wherein the fast port interface 
circuit further comprises the output port interface. 

4. The apparatus of claim 3, further comprising a sched 
uling circuit coupled to the fast port interface circuit and to 
the shared storage circuit that receives requests for read and 
Write operations to the shared memory, the scheduling 
circuit con?gured to schedule the operations such that all 
read operations are complete before Write operations are 
completed. 

5. The apparatus of claim 4, further comprising a memory 
controller coupled to the scheduling circuit and to the shared 
memory, the memory controller con?gured to receive a 
memory address from the scheduling circuit and issue 
commands to the shared memory. 

6. The apparatus of claim 3, Wherein the output port 
interface further comprises a command decode circuit con 
?gured to receive and decode the command information and, 
in response, assemble a read address in a read address 
register and generate a read request to the shared memory. 

7. The apparatus of claim 6, Wherein the output port 
interface further comprises output data registers coupled to 
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the shared memory and a How control circuit, Wherein the 
output data registers receive data from the shared memory 
and the data is output from one of the output data registers 
to an output port in segments of the ?rst Width and the How 
control circuit issues a read Wait signal to the output port 
When data is not ready in an output data register. 

8. The apparatus of claim 7, further comprising a read 
pipe that receives a port identi?cation of an output port 
requesting a read and outputs a read tag to the How control 
circuit that indicates a port to Which data from the output 
data registers is sent. 

9. The apparatus of claim 1, Wherein the ?rst Width is 
siXteen bits and Wherein a Width of the fast interface register 
and a Width of each sloW interface register are of a second 
Width eight times the ?rst Width. 

10. The apparatus of claim 6, Wherein the output port 
interface comprises multiple read address registers, includ 
ing a current address register con?gured to store a current 
read address and a neXt address register con?gured to store 
a neXt packet address. 

11. The apparatus of claim 10, Wherein the current address 
register is further con?gured to be incremented for each 
Write of data from a current packet occurring to the shared 
memory. 

12. The apparatus of claim 11, further comprising a 
multipleXor con?gured to select an address from one of the 
multiple read registers to be transmitted to the shared 
memory. 

13. The apparatus of claim 10, Wherein the ?rst Width is 
siXteen bits, the data buffer registers comprise 128 bits and 
a read address addresses a packet comprising multiple 
128-bit data Words. 

14. The apparatus of claim 1, Wherein the fast input port 
interface further comprises a How control circuit coupled to 
the shared memory con?gured to receive a full signal from 
the command decode circuit When the fast interface register 
is full and, in response, transmit a Write Wait signal to a port 
requesting a Write operation. 

15. The apparatus of claim 14, Wherein the fast input port 
interface further comprises an address register and a tag 
register con?gured to store an address and a tag associated 
With data in the fast interface register and con?gured to be 
loaded according to a signal from the command decode 
circuit in sequential segments of the ?rst Width. 

16. In a netWork sWitching element, an apparatus for 
controlling access to a shared memory of the sWitching 
element, comprising: 

a fast port interface circuit con?gured to receive segments 
of data from the netWork at a fast data rate into a 
register; 

a second level arbiter circuit coupled to the fast port 
interface circuit Wherein, When the register is ?lled 
contents of the register are transmitted in parallel to the 
second level arbiter circuit; and 

a sloW port interface circuit con?gured to transfer seg 
ments of data from the netWork at a sloW data rate; and 

a ?rst level arbiter circuit coupled to the sloW port 
interface circuit to receive the segments of data, 
Wherein access to the ?rst level arbiter is granted to the 
sloW port interface circuit on a round-robin basis. 

17. The apparatus of claim 16, Wherein the second level 
arbiter circuit is further coupled to the ?rst level arbiter 
circuit and to the shared memory such that data segments 
received by the ?rst level arbiter circuit are transmitted to the 
second level arbiter circuit before being stored in the shared 
memory. 

18. The apparatus of claim 17, Wherein each of the fast 
port interface circuit and the sloW port interface circuit 
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comprise an output port interface including a plurality of 
output interface registers, Wherein one of the output inter 
face registers is con?gured to receive data in parallel from 
the shared memory at the same time as the contents of 
another one of the output interface registers are output to an 
output port in sequential segments. 

19. Amethod of controlling access to a shared memory in 
a netWork sWitching circuit by netWork clients operating at 
different data rates, comprising the steps of: 

receiving segments of data at a fast data rate; 

storing the segments of data in a register; 
When the register is ?lled, Writing contents of the register 

to a second level arbiter circuit; 

transferring the segments of data from the second level 
arbiter circuit to the shared memory; 

receiving segments of data at a sloW data rate; 

transferring the segments of data to a ?rst level arbiter 
circuit; and 

transferring the segments of data from the ?rst level 
arbiter circuit to the second level arbiter circuit. 

20. The method of claim 19, further comprising the steps 
of: 

granting access to the second level arbiter to a netWork 
client operating at the sloW data rate on a round-robin 

basis; 
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sequentially storing segments of data in an un?lled reg 

ister in the ?rst level arbiter circuit; and 

simultaneously reading out in parallel all segments stored 
in a ?lled register in the ?rst level arbiter circuit to the 
shared memory. 

21. The method of claim 20, further comprising the steps 
of: 

receiving a data Word from the shared memory and 
storing the data Word in a ?rst output register; 

transferring segments of the ?rst data Word to the net 
Work; and 

simultaneously receiving a neXt data Word from the 
shared memory and storing the neXt data Word in a 
second output register. 

22. The method of claim 21, further comprising the steps 
of: 

receiving a read request signal from an output port; 
responding to the read request by reading a data Word 

from the shared memory to one of the ?rst output 
register or the second output register; and 

asserting a read Wait signal to the output port so that While 
the read Wait signal is generated, no read request signal 
is generated by the output port. 

* * * * * 


